The Vadasz-Olek model of chaotic convection in a porous layer is revisited in this article. The first-order differential equations of this Lorenz-type model are transformed in the governing equations of a damped nonlinear oscillator, modulated by a linear degenerated overdamped oscillator (relaxator) which in turn is coupled to former one by a nonlinear cross force. The benefit of this mechanical analogy is an intuitive picture of the regular and chaotic dynamics described by the Vadasz-Olek model. Thus, there turns out that the "eyes" of the chaotic attractor correspond to the minima of the potential energy of the modulated nonlinear oscillator having a double-well shape. Several new aspects of the subcritical and supercritical dynamic regimes are discussed in some detail.
Introduction
Before the discovery of the deterministic low-dimensional chaos by Lorenz (1963) , the physics of the twentieth century was a predominantly linear science. Electrodynamics and Quantum Mechanics as the leading physical theories of this time were defined on linear vector and function spaces, being governed by linear (Maxwell and Schrödinger) equations. The representation of the solutions by Fourier series and orthogonal polynomials are essentially linear methods, being based on the principle of the linear superposition. Although in the hydrodynamics, the general relativity, and the quantum field theories the important role of nonlinearities has been recognized from the very beginning, their effects could be managed in most of the cases by perturbation methods only. Lorenz (1963) , it has definitively been recognized that the nonlinearities are responsible for a series of new universal phenomena which can neither be understood as simple perturbations of the linearity, nor as superposition of linear effects. The Los Alamos numerical experiment and the article of Lorenz (1963) mark actually the birth of the modern nonlinear physics. Subsequently, chaotic behavior and universal routes to chaos as consequences of nonlinearity have been found in population dynamical models (Li and Yorke 1975; May 1976) , in single mode lasers (Haken 1975) , in one-dimensional iteration maps (Feigenbaum 1979) , in chemical reaction kinetics (Rössler 1976 (Rössler , 1979 , in one-dimensional forced oscillations (Holmes 1979) , and many other systems (see e.g., Eckmann 1981; Schuster 1984; Stoop and Steeb 2006) .
With respect to the flow in fluid-saturated porous media Vadasz and Olek (1998) have proved that in the centrifugally induced convection in a rotating porous layer, the transition from steady to chaotic (turbulent) convection leads to a system of equations which are equivalent to the governing equations of the Lorenz model. Subsequently, similar results were reported by Vadasz and Olek (1999, 2000) and Vadasz (1999 Vadasz ( , 2003 Vadasz ( , 2010 ) also for the convection in a porous layer heated from below. These results of Vadasz and Olek emphasize once more the existence in dissipative dynamical systems of some and universal routes to chaos. The aim of this article is to further contribute to the investigation of the Vadasz-Olek model of chaotic convection in a porous layer, by mapping its basic equations on the governing equation of a damped nonlinear oscillator modulated by a linear degenerated overdamped oscillator (relaxator) which is coupled to the damped oscillator by a nonlinear cross force self-consistently. This point-mechanical analogy provides an intuitive insight into the details both of the regular and chaotic dynamics of the model.
The Vadasz-Olek Model
According to the Vadasz-Olek model, the transition from steady to chaotic convection regime is described both in the centrifugally induced convection in a rotating porous layer (Vadasz and Olek 1998) , as well as in the free convection in a porous layer heated from below (Vadasz and Olek 1999) by the Lorenz-type equations.
subject to some initial conditions
In the above equations, the variable X is related to the stream function amplitude and the variables Y and Z to the temperature amplitudes. The dot denotes differentiation with respect to the dimensionless time t, R stands for the scaled Rayleigh number, the parameter α is related to the Darcy-Prandtl number, and the parameter γ to the front aspect ratio of the porous layer. The Vadasz-Olek model is isomorphic to the Lorenz model only in the range R > 1.
